INTRODUCTION {#sec1-1}
============

Diabetes mellitus (DM) has been known as a potentially disabling chronic disease with multiple complications.\[[@ref1]\] In the Kingdom of Saudi Arabia (KSA), diabetes has emerged as a major public health problem that has reached an epidemic stage.\[[@ref2]\] The crude prevalence of diabetes has been documented as 23.7%, accounting for 37.8% of Saudis aged between 30 and 70 years.\[[@ref3]\] With the advances in the healthcare facilities in the Kingdom, the life expectancy of diabetic patients has increased. Therefore, the complications associated with longer duration of the disease have become one of the challenges faced by health care institutions.

Of these complications, a retinal vascular disorder, retinopathy is considered the leading cause of blindness in the working age population\[[@ref4]\] and accounts for considerable adult work disability.\[[@ref5]\] Its presence may also indicate and predict other diabetic complications.\[[@ref6]\] It is documented that more than 77% of patients who survive for over 20 years with DM are affected by retinopathy.\[[@ref7]\] Untreated diabetic retinopathy (DR) not only leads to blindness, which is a personal catastrophe for the individual but also increases the economic burden of health care servicesin the community.\[[@ref8]\]

DR is characterized by signs of retinal ischemia (retinal microvascular abnormalities, microaneurysms, hemorrhages, intra-venous caliber abnormalities, cotton-wool spots, and neovascularization) and/or signs of increased retinal vascular permeability. Vision loss can result from several mechanisms, including neovascularization leading to vitreous hemorrhage and/or retinal detachment, macular edema, and retinal capillary nonperfusion.\[[@ref4]\] Depending on these signs, retinopathy is classified into nonproliferative diabetic retinopathy (NPDR) and proliferative retinopathy (PDR). The NPDR is further divided into mild, moderate, and severe.

A number of studies show marked differences in the prevalence of retinopathy\[[@ref9][@ref10][@ref11][@ref12][@ref13]\] in patients with type 2 diabetes. Of the estimated 10.2 million US adults 40 years and older known to have DM, the estimated crude prevalence rates for retinopathy was 40.3%,\[[@ref4]\] while an urban population-based study from India documented the prevalence of DR to be 18%.\[[@ref10]\] The prevalence in the UK has been reported as 50%\[[@ref9]\] and 26.11% in Spain.\[[@ref14]\] Similar to global prevalence differences the prevalence of DR reported in studies from the Middle East also shows varied figures: United Arab Emirates (UAE) (19%),\[[@ref15]\] Kuwait (8--12%),\[[@ref15][@ref16]\] Oman (42.4%),\[[@ref11]\] Egypt (42%),\[[@ref17]\] and Jordan (64%).\[[@ref18]\] The studies from different regions of Saudi Arabia also show variable prevalence: Al-Hassa (30%),\[[@ref19]\] Madinah (36.8%),\[[@ref20]\] Aseer region (11.3%),\[[@ref21]\] Riyadh (31%),\[[@ref19]\] and Taif (36.1%).\[[@ref22]\]

The risk factors associated with this complication are also not uniform in all the studies from different geographical regions. The risk factors and epidemiological determinants mostly documented in various studies are age, gender, obesity, duration of disease, presence of hypertension, dyslipidemia, uncontrolled diabetes, and geographical area.\[[@ref19]\]

Considering the variability of the prevalence of DR in different geographical regions and it is importance as a complication due to the fact that it not only results in serious consequences, it is a key indicator of systemic diabetic microvascular complications. It is, therefore, considered as a sentinel indicator of the impact of diabetes. This study has the principal aim of describing the most recent prevalence of DR and the associated risk factors in the type 2 diabetic patients attending the diabetes center at Abha, KSA for follow-up. The objective of the present study was to assess the proportion and grades of retinopathy and its risk factors in diabetes type 2 patients.

MATERIALS AND METHODS {#sec1-2}
=====================

The study was conducted at a diabetic center in Abha, Aseer region. The diagnosed diabetic patients are referred to this center from different hospitals and primary health care centers (PHCCs) in this region.

The sample size for this study was calculated according to Swinscow,\[[@ref23]\] as 350 with the estimated prevalence of DR = 35.24 (average of DR prevalence reported from different geographical regions of Saudi Arabia). To compensate for the missing patients, we increased the sample size to 401.

A total of 10,576 type 2 diabetic patients were registered in this center from January 2008 to December 2013. Systematic random sampling was used to select 401 cases from the records. Every 26^th^ patient\'s medical record was selected, and the patients were then contacted for their permission and to provide the relevant data in the questionnaire. The last medical investigation results shown in the records were noted in the checklist.

To maintain confidentiality, data were collected anonymously with the approval of the Research Ethical Committee of the College of Medicine, King Khalid University.

Data collected included demographic and clinical parameters. The demographic parameters were age, gender, occupation, and family history of diabetes. Clinical parameters noted were: Duration of diabetes, age at onset of diabetes, control of blood sugar (hemoglobin A1c \[HbA1c\] ≥7% was considered as controlled, 7-9% as uncontrolled and \>9% poorly controlled), use of anti-diabetic drugs, dyslipidemia, obesity (classified as overweight body mass index \[BMI\] 25.0--29.9 kg/m^2^, obese 30.0--39.9 kg/m^2^ and morbidly obese 40.0 kg/m^2^), blood pressure (grouped as normotensive and hypertensive receiving antihypertensive drugs). Complications of diabetes included ischemic heart disease, peripheral vascular disease, cerebrovascular accident, cataract, neuropathies (diagnosed on clinical findings), nephropathy (presence of microalbuminuria/gross albuminuria or high creatinine level).

The diagnosis and grading of DR were done by slit lamp (with a Volk 90 D lens) examination and colored fundus photographs using a Topcon TRC-NW6 nonmydriatic fundus camera by a trained ophthalmologist in the diabetic clinic and findings were recorded in patients\' files. Retinopathy was classified into NPDR and PDR, NPDR was further subdivided into mild (microaneurysms confined mainly to the area temporal to the fovea), moderate (vascular changes seen in one to two quadrants of the retina), and severe (vascular changes seen in more than two quadrants).

The Statistical package for social studies (SPSS) (SPSS version 17.0. In: Cary NC, editor.: SAS Institute; 2002, USA) was used for data analysis. Descriptive statistics (number, the percentage for categorical variables, mean, standard deviation \[SD\], and range for continuous variables) and Chi-square tests (χ^2^) was used to test for the association. *P* ≤ 0.05 was considered statistically significant. Individual risk factors were identified by using univariable analysis. Odds ratio (OR) with 95% confidence interval (95% CI) were generated to quantify relationships with each risk factor. Multiple logistic regression was applied to identify the predictor of DR.

RESULTS {#sec1-3}
=======

In total, 401 randomly selected type 2 diabetic patients were included. Their ages ranged from 20 to 90 years, with a mean SD of 54.6 (12.3) years and a median of 54.0 years. The mean age of male and female diabetic patients were 54.93 years and 54.25 years. The mean age of patients with DR was significantly higher (*P* \< 0.001) in comparison to patients without DR (57.3 vs. 53.1 years). The mean age of onset for DM was 43.91 years with DR while it was 46.30 years for diabetics (*P* = 0.03). A significant difference was observed in the mean duration of diabetes (13.4 ± 7.9 years vs. 6.8 ± 6.7 respectively, *P* \< 0.001) between patients with DR and diabetics without retinopathy \[[Table 1](#T1){ref-type="table"}\].

###### 

Baseline characteristics of participants with and without Diabetic Retinopathy

![](JFCM-23-18-g001)

The overall prevalence of DR was 146 (36.4%). Mild NPDR was in 57.5% of the patients, moderate NPDR in 19.9% and severe NPDR in 11.0% while 11.6% of diabetic patients had PDR. Exudative and focal maculopathy were found in only 7.2% of DR patients. Maculopathy was associated significantly with the severe NPDR and PDR \[[Table 2](#T2){ref-type="table"}\]. Analysis of baseline characteristics and different risk factors with different grades of retinopathy showed a significant difference in mean duration among the four grades of retinopathy; (*P* = 0.001). *Post-hoc* test revealed that the duration of DM was significantly different for PDR (*P* = 0.003) in comparison to NPDR. Similarly, the total mean cholesterol was different among the four grades (*P* = 0.019). This difference was found to be with the severe grade of NPDR (*post-hoc* test) however, no significant difference was observed in the levels of high-density, low-density lipoprotein and other risk factors (data not shown).

###### 

Grades of retinopathy and association with maculopathy

![](JFCM-23-18-g002)

[Table 3](#T3){ref-type="table"} presents the potential risk factors of DR. In univariable analysis, the rate of retinopathy was significantly associated with older age group, younger age at onset, longer duration of disease, poorly controlled blood sugar, the presence of hypertension (receiving drug treatment), insulin use, and the presence of multiple complications. The presence of neuropathy and nephropathy in DM appeared as a significant risk. Gender, higher BMI and dyslipidemia including total cholesterol, high-density lipoproteins (HDL), low-density lipoproteins (LDL) levels and smoking did not appear as significant risk factors.

###### 

Unadjusted OR and 95% CI for risk factors of Diabetic Retinopathy
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In multivariable logistic regression analysis \[[Table 4](#T4){ref-type="table"}\], longer duration of diabetes, younger age of onset and the use of insulin appeared as the strongest predictors of DR. Odds of having retinopathy were higher among patients who had developed diabetes at a younger age (≤45 years) compared with patients who had developed diabetes aged more than 45 years (adjusted OR \[aOR\] = 0.44, 95%; CI: 0.21, 0.90). Patients with a lengthy duration of diabetes (5 years or more) were more than twice as likely to develop retinopathy than the patients with shorter duration of diabetes (aOR = 2.48, 95%; CI: 1.25 -- 4.94). The use of insulin with or without oral hypoglycemic drugs for the treatment of diabetes was almost 3 times likely to result in retinopathy.

###### 

Logistic regression analysis results - aOR and 95% CI for factors that might be associated with the DR in Abha, Saudi Arabia

![](JFCM-23-18-g004)

DISCUSSION {#sec1-4}
==========

Abnormal glucose metabolism has reached epidemic proportions in the Kingdom, with the prevalence of diabetes at 23.7%.\[[@ref1]\] This has led to a considerable increase in the burden of diabetic complications including DR, which appears to be highly prevalent in the general adult Saudi population.\[[@ref24]\]

The overall prevalence of DR in our study was 36.4%, which is nearly the same as the global documented estimated prevalence of 34.6% in individuals with diabetes.\[[@ref25]\] It is also close to what was found in Taiwan 35.0%,\[[@ref26]\] Southern India\[[@ref27]\] and the reports from studies in different regions of Kingdom of Saudi Arabia: Al-Hassa 30%, Madinah 36.8%, Taif 36.1%, and Riyadh 31%\[[@ref19][@ref20][@ref22][@ref24]\] Our result shows a lower prevalence of DR than what is reported in the UK 50%, USA 40.3%, Oman 42.4%, Egypt 42%, and Jordan 64%.\[[@ref9][@ref11][@ref17][@ref18][@ref28]\] The prevalence of DR in our study is higher than those documented in many other studies; 21.9% in Australia, 26.11% in Spain, 19% in UAE, 8--12% in two different studies in Kuwait and 18% in India.\[[@ref10][@ref14][@ref15][@ref26]\] The difference of prevalence could be explained by the fact that most of these studies were population based and also that different tools of measurement were used.

The prevalence of DR reported by Al-Khaldi from Aseer region was 11.3%,\[[@ref21]\] which is much lower than the results of our study in the same region. The variation could be due to the difference in study location and difference in the method of diagnosis. Their study was conducted in a single PHCC while our study was conducted at a diabetic clinic to which all patients from the PHCCs in the region are referred for annual screening, Their diagnosis of retinopathy was based on fundoscopic examination, while in our study the diagnosis was made by colored photographs and slit lamp examination as it was the standard technique used in other studies.\[[@ref19][@ref20][@ref22][@ref24]\]

Regarding the grades of retinopathy in our study, the proportion of mild grade of retinopathy is higher than that reported from Oman and Madina (KSA)\[[@ref11][@ref20]\] but our finding is in agreement with that documented from Hassa (KSA).\[[@ref19]\] The present study showed a lower prevalence of PDR than that of Madina (KSA)\[[@ref20]\] but higher than that reported from UAE and Oman,\[[@ref11][@ref15]\] and similar to the study in Hassa (KSA). Our study is in agreement with a review article which indicated that in patients with DR, severe vision impairment was not as common as mild vision impairment.\[[@ref29]\]

The results of our study indicate that retinopathy increases with younger age at onset of diabetes and showed a significant association between DR and duration of diabetes, which is consistent with most of the previous studies.\[[@ref11][@ref15][@ref16][@ref19][@ref20][@ref22][@ref24]\] A study from Sweden documents that prevalence of DR reached 100% after 30 years of diabetes.\[[@ref30]\]

Our study found no significant gender difference in the development of DR, which is in accord with multiple studies mostly from the Middle East and Saudi Arabia\[[@ref4][@ref7][@ref11][@ref28]\] but it is in contrast to a study from Sweden,\[[@ref30]\] which documents higher rates for women than men;\[[@ref20]\] and studies from Madina, India, and UAE where DR was observed to be more prevalent in male diabetics.\[[@ref10][@ref15]\]

Many studies on DR have documented the close association of chronic hyperglycemia (with high HbA1c) and the development of the condition.\[[@ref7][@ref16][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24]\] However, a longitudinal study by Aiello *et al*.\[[@ref31]\] reported that the prevalence of DR in long-standing diabetes is not dependent on the control of the disease. Similarly, the degree of glycemic control did not show any significant association with DR in the study sample in Madina (KSA)\[[@ref20]\] and from UAE.\[[@ref15]\] Our finding showed significant association in univariable analysis but failed to reveal the same in multiple logistic regression.

Hypertension has been documented as a risk factor in studies from Jordan,\[[@ref18]\] Oman,\[[@ref11]\] and also by a longitudinal UK prospective diabetes study group.\[[@ref32]\] Report from UAE reveals that DR is marginally significantly associated with hypertension.\[[@ref15]\] While in contrast, many studies including those from Hassa (KSA), Riyadh (KSA) and from South India\[[@ref27]\] were not able to find any significant role of hypertension in the development of DR. In our study, the univarent analysis showed hypertension as a risk factor for DR, but this was not significant after adjusting for confounders.

BMI and smoking did not appear as significant risk factors as reported by the studies in UAE\[[@ref15]\] and Tehran;\[[@ref33]\] the latter finding is in contrast to a report from Madina\[[@ref20]\] and South India\[[@ref27]\] that documented smoking to be associated with an increased prospect of DR. This finding may be due to the fewer number of smokers in our study.

Similar to van Leiden\'s study\[[@ref34]\] and the study in Riyadh,\[[@ref24]\] the present study found that high total cholesterol, abnormal LDL, and HDL levels did not have a positive association with the development of DR, but contrasting results were observed in studies in Hassa (KSA) Jordan and Oman.\[[@ref11][@ref18][@ref19]\] In our study, the total cholesterol level was significantly higher in the severe grade of DR, which may indicate that it could be a risk of the progression of DR to severe retinopathy, a finding that emphasizes the importance of good lipid control as a preventive measure for the progression of retinopathy.

The univariable analysis revealed that the age of the patient, the number of other complications and presence of neuropathy and nephropathy were significant risks for DR, but these were not supported by multiple regression analysis. This finding is consistent with the study in Oman in which similarly aged patients, poor control of diabetes (with HbA1c ≥9), high systolic blood pressure and complications were documented as insignificant after multiple regression analysis.\[[@ref11]\]

In the present study study, the strongest determinants for the development of DR were Younger age at onset, longer duration of diabetes and the use of insulin, which may be due to the fact that most of the type 2 DM patients with longer duration ultimately end up using insulin. All these three risk factors have been documented in most of the studies related to DR.\[[@ref11][@ref15][@ref16][@ref19][@ref20][@ref22][@ref24]\]

The limitation of our study is that a predictive inference cannot be drawn from our observational data since a more extensive study is required. Despite this limitation, our study provides a picture of the prevailing situation in this region, and the data is sufficient to exhibit the enormity of this complication in diabetic patients and emphasize the main priorities of attention in regional programmes for screening retinopathy in all patients with diabetes type 2 at an early stage in the PHCC with recommended tools (presently not available in the PHCC) and prevent its progression.

CONCLUSIONS {#sec1-5}
===========

Our findings clearly demonstrate that retinopathy is a common complication of diabetes in diabetic patients at Abha, Aseer region and that the situation is no different from other regions of Saudi Arabia. This is in contrast to a previous study from the same region that documented the prevalence as much lower in this region. We support the idea that the retina of a diabetic patient provides a summary measure of lifetime exposure to the effects of hyperglycemia, and which emphasizes the fact that screening for DR at the initial stage of diabetes may prevent disability from blindness caused by DR. Small investments in prevention, awareness and care can dramatically improve the quality of life of patients with long-standing diabetes.
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